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New Challenges for Science

Climate Researchers and Climate Change
Community End Users

» Large needs for Storage and I/0

» Heterogeneous communities of users

Common Needs

»  Guidance/tools for data and scenarios subsetting:
selecting a subset of representative climate scenarios

Lower significantly the total data download size
Calculate as much as possible remotely
Reformat/Repackage the data into easier formats
Access full Provenance and Lineage

Proper Metadata description (derived data)

YyY VY Y VY'Y

Variety of Access Interfaces: GUI, OGC, REST APIs,
Jupyter Notebooks, ...
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CMIP5 CMIP6 CMIP7
Year 2012 2017 2022
Power factor 1 30 1000
Npp 200 357 647
Resolution [km] 100 56 31
Number of mesh points [millions] 3.2 18.1 108.4
Ensemble size 120 214 388
Number of variables 800 1068 1439
Interval of 3-dimensional output (hours) 6 4 3
Years simulated 90000 120170 161898
Storage density 0.00002 0.00002 0.00002
Distributed Archive Size (Pb) 3.19 86.05 2260.20

Storage Utilized by DiscW
1. Climate 12710.7 TB
o

2. Astrophysics 7423.90 TB

3. Biosciences 2949.84 TB
M 4. Other 2329.35TB
M 5. Nuclear_Physics  2229.74 TB
M 6. Applied_Math 1990.40 TB
W 7. Materials_Science 1616.08 TB
M 8. Lattice QCD 1526.35 TB
M 9. High_Energy_Phy 1162.28TB
W 70. Combustion 1013.49 TB
W 11. Fusion 946.17 TB

12. Chemistry 241.39TB

Monthly 10 Utilized by Discipline 2014/10)

1. Climate
2. Astrophysics
3. Biosciences

M 4. High_Energy_Phy 95.70 TB
M 5. Materials_Science 85.65TB

M 6. Lattice QCD

W 7. Other

W 8. Combustion

M 9. Fusion

M 10. Applied_Math

W 11. Nuclear_Physi
12. Chemistry

551.89 TB
416.09 TB
274.23TB

49.86 TB
41.73TB
3843 TB
24.00 TB
18.57 TB
ics 15.54 TB
13.06 TB

National Energy Research Scientific Computing Center (NERSC) Storage

and I/0O by Discipline
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IS-ENES climated4impact (C41)

|
https://climate4impact.eu

» Developed and managed by IS-
ENES since 2010

» Not only UI, but also Services
(WPS, WCS,..)

» Tailored for end-users

» Supports on-demand data
processing

» Now containerized version:
» docker

» docker-compose

-
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELUING

Home

Filters

> show all filters | clear all filters

|

Data discovery ‘ Downscaling ’ Documentation Help ’ About us | Account ‘

Search ‘ Catalogs

“/ /  Exploring climate model data

Explore your own catalogs or files Map & Plot Processing

Quick select Parameter ‘

(T EXT (ST CRTEE

[:| Temperature (tas)

[[] Min. Temperature (tasmin) [] conw. Precip. (prc)
[1 Max. Temperature (tasmax)  [_| Snow (prsn)

Account | W | B

All Parameter properties (1721)

. | 1s-EnES | contact | Account & B

[] Specific Humidity (huss)
[] Rel. Humidity (hurs)

[[] Max. Rel. Humidity

[[] Min. Rel. Humidity (rhsmin) [ E. Wind (uas)
ture (ta) [] Rel. Humidity (rhs) [C] N. wind (vas)
[] spec. Humidity (hus)

[] Rel. Humidity (hur)

- Evaporation

[[] sw Radiation Dn (rsds) [] pressure (ps) [] Act. Evap. (evspsbl)

[[] sw Radiation Up (rsus) [] SL Pressure (psl) [] Pot. Evap. (evspsblpot)
[] Lw Radiation Dn (rlds)

[[] Lw Radiation Up (rlus)

[] Diff. Radiation Dn (rsdsdiff)

[] wind (sfcwind)
[] Max. wind (sfcWindmax)

|:] Precip. (pr)

[] Pressure (pfull) [] Soil Evap. (evspsblsoi)

[] canopy Evap. (evspsbiveg)

[] clouds (clt)

C4l Faceted Search and Interface




DARE: Execution Platform and Enabling

Connections to External Resources

I
» Connect to external ENES - DARE | ESGF Climate Research
H Use Case Infrastructure
computing/storage 2nd Prototype [Dmode] [ Compun
resources. Services
—> Metadata
» Clouds (AWS, etc.) Execution Searches
Environments
» e-infrastructures: > e \
esource
Mapping Climate4impact
> E U DAT C D I — = .  [Processing dlspel4;; ;:;cal::lon
Future | | —— - ?r?)(r‘\:j%slt dispel4py N Access and

workflow Reduction

» European Science ©——2 ! | N
: = - }_'7‘,._ gk I . Post processing

Daia Discpvgry o i E Resulting H
» DARE Platform A i
: i PID/URL Provenance I .
» ESGF Computing ! : ‘m i kuberrzzsbc;cgvtamer
: : I - .
Nodes (CWT) IS-ENES C4l | | ' DARE Platform
R S W [
Prototype Integration | S =
| | EOSC Cloud
: B2gtehn?i::es B2DROP Resources

oo N A EUDAT CDI
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Leveraging Existing Complex Tools

| Temperature indices |<_ _,| Humidity indices

| Heat indices | - ECA&D indices . | c e | e . :
| Cold Indices | - ctulped L R e ) (a) Track densities for intense cyclones (b) Track densities for weak cyclones
g | a P min <Qpsand &;,.,>Qys. Prmin >Q,; and {,,,<Q,.
[orougnt indices | | Snow indices | e —— e
Examples =Co—e= D i T et
- Intra-period extreme temperature range [° C] - ETR Al a3

- Warm days (days with mean temperature > 90th percentile of daily mean temperature) - TG90p
- Summer days (days with max temperature > 25° C) - SU

.é. 0.06 i o
Calculating climate indices and climate indicators N
https://github.com/cerfacs-globc/icclim ) o
S0 O ﬂrll:'e“‘mv ,l';:? 1020 1040 o 100 1"0"9"""“’-‘ »\::(:" 400 200
(<) Minima de Prossion (d) Maxima de Tourbillon realtif
(c) Histogram of minima of pressure (d) Histogram of maxima of relative
for weak and intense cyclones. vorticity for weak and intense cyclones.

Extra-Tropical Cyclone Tracking in Climate Simulations
https://qgithub.com/cerfacs-globc/cyclone tracking
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https://github.com/cerfacs-globc/cyclone_tracking
https://github.com/cerfacs-globc/icclim
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Discussions material

Take Home * Messages ¥

Climate Datasets grow to represent our climate more accurately

2. They require new ways of working using new data-analysis
methods supported by new infrastructure

 climate scientists conduct their work through web gateways
» which exploit the power of data and computational platforms
* minimizing data movement

 avoiding the need for local resources

» widening the take up of the new data

3. DARE is a pioneering demonstration of these new methods of
working on new platforms

» clouds, clusters, EOSC, EUDAT, ESGF CWT, ...
» evolving complexity hidden
» provenance and re-use as standard

4. Scientific Researchers and their developers will gain agility and
productivity

@ _® ]

» DARE Platform

» Cyclone Tracking

» [S-ENES climate4impact
» EUDAT CDI & EOSC
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DARE Platform

I I
» Composition of services R e
using containers el
» ACross service {— 1 — oty |
C : o) | rousng. | | Mo |
communication using || s M s ;

exposed REST APIs Exena — s

i ) Catalogues

» Scalable and flexible due to e |
kubernetes orchestration : < i

» Effortless cloud infrastructure N O] ,
deployment NI E eI

) S O ftW a re i S O I a ti O n EOSC (or alternative cloud platforms)
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DARE Platform

—
Simplified View of Prototype Architecture ...
> interface =
» C41 WPS / DARE API Sonces ,
» DARE API / EUDAT B2DROP s ESGF RI
> C4I DARE Workflow / ESGF Data Nodes W ([ awrme —
» C41 DARE Workflow / ESGF Computing === g—llll
Nodes ‘ =
» Processing Backend éﬁfé’fﬁ%’f _— Comamer;
> icclim software senesca | \@ T | DARE Piatform

» Provenance & Lineage | ‘
L e || oo
» Automated by the DARE Platform = EUDAT CDI
» Community-specific information added

EUDAT CDI|

EOSC Cloud
Resources

@ _® ]
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DARE Platform

|
Automation/External Services to Interface and Integrate

» EUDAT-B2DROP

ENES - DARE ESGFI ;:Tmuurch
Use Case re
» Store user output 2na Prototype s || S50 |
Services
» Auth B2ACCESS Exocuton
Environments
» ESGF CWT T 5 :
Mapping ! Climatedimpact i i
» Delegation of processing before data transfer .. sapon
(=== = i
» Auth API Key | HJ =1l
» ESGF Data Nodes e |
l i | | kubernetes container i
» Retrieve Climate Datasets ] IS-ENESC4l 'L__I_J_A_Bé‘fsl?tf;_?_fg_rmi
» C41 ‘ """"" s L : J
: EOSC Cloud
. o B2DROP Resources
» Use ESGF Search results to get input URLs of | ] CUDATcD(
datasets N il '

» Storage of output and transfer back to C41

» Control whole workflow
(@Ol
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DARE Platform
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Efficient Interfacing e-Infrastructures for
Researchers is Challenging

» Technologies: fast-evolving but many are
getting deprecated and obsolete

» Authentication and Security

» Scalability in Federated Environments
DARE Platform

» Hides complexity and heterogeneity

» Provides automated Provenance &
Lineage

» Provides EUDAT & EOSC Compatibility

ENES - DARE
Use Case
2nd Prototype

Services
—

Execution
Environments
=> .
Resource ! :
Mapping !
=

Future

Climate4impact

ESGF Climate Research
Infrastructure

Computing
Node

[ Data Node ]

| B2DROP
| PID/URL
|

1
kubernetes container E

E test-bed !
_________ IS-ENES C4l | | __DARE Platform
i EUpAT oP! EOSC Cloud
§ ‘ [ orer ] [ B2DROP Resources
' EUDAT CDI



DARE Platform

» IS-ENES C41
» User-Driven Interface Development
» Focus on Data
» Provides API
» Ease Access to large climate datasets
» EUDAT CDI

» Solid Collection of Services for
Scientific Data

» Compatible with EOSC
» Integrates community-specific aspects

@ _® ]
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ESGF Climate Research

ENES - DARE
Use Case
2nd Prototype

Infrastructure

[ Data Node ]

Computing
Node

Services

—
1
Execution i
Environments ESGF RI :
|:> I | \
1
Resource ! ' |
Mapping : Climate4impact :
| |
{ : =31 On-demand MPI i
Future : — cluster | ;|
o |
=== = !
1
: I Processing i
code |
|
' esultin :
! B2DROP ta wit!
i PIZI?/URL Provena i
1 .
kubernetes container |
|
| test-bed :
|
|
IS-ENES C4l | ' DARE Platform
EUDAT CDI;

EOSC Cloud
Resources

i ‘ [jzg“’h';;SJ [B2DR0P
| EUDAT CDI
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Haran Emilie?, Laloue Alice?, Pourquié Clément’ supervised by Pagé Christian?, Sanchez Emilia?

IIENM2, Ecole Nationale de la Météorologie, Toulouse, France

2Centre Européen de Recherche et de Formation Avancée en Calcul Scientifique (CERFACS), Toulouse, France

Abstract

This project is focused on the study of the evolution of
cyclone trajectories in a future climate. A tracking code was
applied on historical climate simulations and climate
projections from the PRIMAVERA project. Tools to analyze
the results had to be developed : maps of cyclone track
densities, maps of variability of track densities, histograms.

Introduction

Extra-tropical cyclones are low pressure systems in mid-
latitudes associated to local maxima of vorticity often
leading to strong winds, extreme precipitation and high
waves. These cyclones affect livelihoods and infrastructure.
It is therefore important, in climate, especially in the
context of climate change to be able to detect them, to
follow their trajectories and their evolution, and identify
areas most prone to the passage of intense cyclones. This
project is part of the research carried out by the Climate
Modeling and Global Change team at the CERFACS and of
the European PRIMAVERA project [1]. A tool for monitoring
the trajectories of extra-tropical (and tropical) cyclones was
developed by M. R. Sinclair [4] and improved by the
University of Quebec in Montreal (UQAM) and the
Meteorological Service of Canada [2]. It was then adapted
by C. Pagé at CERFACS to deal with the outputs of climate
models and simulations in NetCDF format.

Results and Discussion

1. Track densities of extra-tropical cyclones in the ERA-Interim reanalysis

The tracking algorithm was first applied on data from the ERA-Interim reanalysis [3] - on which the new

Methods

ERA-Interim
atmospheric reanalysis

1979-2009

NetCDF data reference

PRIMAVERA ARPEGE
CNRM-CM6-1 and
CNRM-CM6-1-HR

historical simulations
(past climate)

1979-2009
NetCDF data

PRIMAVERA ARPEGE
CNRM-CM6-1 and
CNRM-CM6-1-HR

climate projections
(future climate)

2015-2045
NetCDF data

NetCFD data extraction and processing

\

Outputs of the tracking algorithm

A cyclone is identified as a maximum
of
associated to a low pressure at sea
level within a radius of 150km.

relative

vorticity at

500hPa

Cyclone tracks are composed of at
least 2 points.

NNR KRR

\

48.
51.
53
56.
65.
65.

'UQAM E CERFACS |

Sinclair, M. R. et al., 2004 [4]//

326
128
929
731
136
136

322.031 @ 956.29 12 @1 o1
322.031 © 967.78 12 02 01
320.625 9 980.20 12 03 01
320.625 © 990.30 12 @4 01
359.156 240 1004.48 12 @5

1950
1950
1950
1950
21 1950

12.656 © 991.28 12 06 01 1950

Calculating cyclone tracks

(2015 - 2045)

2T

Track densities and Variability

A matrix of density in which each
coefficient corresponds to a
spatial grid point is created.

A coefficient is implemented by
one each time a cyclone track
crosses the grid point it is
associated with.

To calculate the variability, the
standard error of several matrix

Qﬂensity is calculated. J

Analysis of the outputs of the
tracking algorithm with the
tools developed

3. Track densities of extra-tropical cyclones in the climate projections
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ENES Use Case: Storm Tracking

= The new ENES Use Case is
about tracking storms in
climate scenarios

= Initially it is for extra-tropical
cyclones but the same

Implementation can be used
for tropical cyclones

CMC-GEPS (+0hto +120h, 3h) - NCEP-GEFS (+0h to +120h, 6
@ control forecast @ control forecast
@20 ensemble forecasts ©20 ensemble forecasts

20-01-2020, 00z - http://meteocentre.com
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Storm Tracking Use Case

- Based on the Sinclair Methodology (1997) "Rabah Aider
- Group Effort «Jean-Francois Caron

Louis-Philippe Caron

Canadian *Corina Costea

Meteorological Centre *Ronald Frenette

*Stéphane Gagnon
*Philippe Gachon

*Rares Gheti

Université du
Québec a
Montréal

*Anne-Marie Leduc
*Philippe Martin,
*Milka Radojevik
*Christian Saad
*Mark R Sinclair

High impact Lab g
Québec region *Katja Winger
Environment Canada -Ayrton Zadra

*Christian Pagé
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Storm Tracking Use Case

Rational - Unified code

Several
Tropical center diagnostic Pressure/Vorticity centers elaborated versions of the
simple tracking method tracking method code

N/

Tropical center and transition diagnostic

One program, one

AND code. Maintenance,
Pressure/Vorticity centers implementation
easier

Both using same elaborated tracking method

@ _® ]
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Storm Tracking Use Case

Step 1. Preprocessing the data

For pressure center tracking

Raw NWP output 300km Cressman filter to
remove small scale details
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Storm Tracking Use Case

Step 2a. Identifying minima

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

for a more precise location.
*Surface pressure field unreliable over higher terrain:

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

*Threshold varies with terrain height

@ _® ]
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Storm Tracking Use Case

Step 2b. Identifying tropical centers

*  Pressure minimum
« A 300km Cressman filter is applied to the 850 hPa vorticity field

— A vorticity max higher the 2.5x10-5 s-1 is present within 150km of
pressure center.

« 850-250 hPa thickness higher then 925 dam within 150km.
— Indicating the presence of a deep and vertical warm center
* A 10m wind speed higher then 22 kts within 225km
* A baroclinicity in the low levels
— Measured in terms of the asymmetry of the 900-600 hPa thickness*.

Use the Safir-Simpson surface wind thresholds to classify
*Tropical Depression : V10m < 34 kts

*Tropical Storm : 34 < V10m < 64 kts

*Hurricane : V10m > 64 kts

*Sinclair, M. R., 2004: Extratropical Transition of Southwest Pacific Tropical Cyclones.
@O Part Il: Midlatitude Circulation Characterisitcs, Mon. Wea. Rev., 132, p. 2149.
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Storm Tracking Use Case
;. ;.
Step 3. Tracking the centers

or(t*) is the position of the
first point of the trajectory
and r(t) is the position of
the current point.

ewm is a weight function
depending on the number
of analysis per day
(2,4,8,..)

r(t-28) r(t-&)

rt-4&)

fest (t+ &)= r(t) + Wy - /i +(1—1w,,)- V. &

Mark R Sinclair’s method £(t) — 1(t — 43)

4

A-
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Storm Tracking Use Case

Step 4. Outputs

Multi model outputs

Réglon - | Amérique duNord =] Modéle - [GEM-GLB

PNMM isi

s évision : GFS

Tourbillon 1000 hPa Sim-REG

Tourbillon 500 hPa UKMET

'Tourblllon 1000+500 hPa Multi-Modéle
CMC ensemble
NCEP ensemble
SPENA

MSLP Cyclone Tracking (minimum central pressure)

CMC (+0h to +120h, 3h) NCEP (+0h to +120h, 6h)
® control forecast ® control forecast
® 20 ensemble forecasts O 20 ensemble forecasts

24-05-2012, 00z - http://meteocentre.com

http://meteocentre.com/tracking/index_e.html

From: Jean - Frangois Caron — UK Met

@ _® ]
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Storm Tracking Use Case

Application - Storm impacts study

q Université du Québec & Montréal
; u ) CENTRE ESCER

. . . Envronment Canada Enviroenement Canade
Meteoroiopeal Secvce of Canada  Service météorciogqie dv Canada

@ - Trans, £
OURANOS) ébec & 61

*To improve our knowledge of weather systems affecting urban and surrounding zone
*Hudson Bay (MTQ project) and southern Québec

*To analyze the links between storms and hazardous events (extremes, high impact)
*2m temperatures, precipitations and 10m wind

*To understand the impact of these extremes on population health and infrastructures.

To predict future changes in the storm climatology and theirs effects on surface extremes
*cerca 2050

@ _® ]



“DARE
Storm Tracking Use Case Workflow

|
_ C41 WPS — .
‘ cal {conflg { param1 , param2, ..., ... } 0 container
[ dataset1, dataset2, ... ] ‘ <
Master Bash Script
L
(EU DAT BZDROB Y 1. Download files using
< OpenDAP (spatial and
Store _ Q~ temporal extraction)
* XML Output 2. Pre-process Files using sh
Plots
and NCO
\. J 3. Run cyclone_tracking binary
(Fortran-compiled program)
. Convert XML output to ASCII
ESGF Climate RI Column-based output
(python)
. Generate plots using pythy
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Storm Tracking Use Case Workflow -

Current status

tracking_master.sh
1. Input to the script: JSON configuration file and Input data files URLs

2. Create directory structure
3. get_files.sh : Download global sample climate scenario files using wget and hard-coded B2DROP URLs

4. Loop over each time period, as climate scenario files are chunked into several files over a long time
period (e.g. 5-year, 10-year, etc.)
5. extract_data.sh : using NCO NetCDF tools
1. Extract spatial area and time period
2. Extract specific vertical levels for 3D variables (Geopotential@1000; Winds@500; ...)
3. Rename coordinates and variables to standard names
4. Remove extra vertical coordinates having 1 element
5. Concatenate all single variables into a single file, except land-sea mask and orography
6. make_tracks.abs : execute algorithm (compiled fortran) using appropriate command-line
arguments :
1. 3 input files: main file, land-sea mask, orography
2. Output prefix filename (for XML output and NetCDF output)
3. JSON Configuration file
4. Variable name to use to retrieve grid parameters, dimensions and time steps
7. tracking_xml2ascii.py : Convert XML output to CSV
8. Create warmstart.txt file using storm centers of last day in time period
6. Calculate storm density. Create several plot types using python.

@ _® ]
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Storm Tracking Use Case Workflow

Densité totale ERAI seuillée a 1000 hPa




Storm Tracking Use Case Workflow

Fréquence

0.04 -

0.03 -

0.01 -

0.00

Histogramme des dépressions

—— ERAI
— Prim
— Prim

avera forcé basse résolution
avera couplé basse résolution

920 940 960 980 1000 1020 1040

Pression (en hPa)

JARE
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Climate Data Distribution

ESGF Data Nodes 2019

& Deployment

« 31 worldwide
« 18 in Europe (17 institutions)
(coordinated by IS-ENES)

Peer Groups

=€) Al peer Groups
D cssef
@ esaf-gavin-test
@ esgf-gavin-test2
@ esafprod
D esqf-test
D esgftest

IS-enes ;

e-infrastructure

Ciipc

Climate Information Portal

B = B 4
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Peer Group Map

< >
v Kaaii
Kt
(Greentand)
iy
[+ 15t
Lerth 2 North
acific,: J
et Atlantic

| Venezuela
caubar 851
)
5
. south
Qy,;k: }:,trclhc ]
Hosts List [Reference date 06-06-2014 13:37]
Host Name Alias city
esgf.nccs.nasa.gov 169.154.146.154 Huntsvile
esgfnode.ipsl.fr 134.157.176.115 Paris
esg-datanode.jpl.nasa.gov  137.78.210.36 Sylmar
pandi1lnl.gov 198.128.245.161 Livermore
pamdi9.lnl.gov 198,128.245.159 Livermore
esgdata.gfd.nosa.gov 140.208.31.117 Princeton
esafindex1.ceda.ac.uk Annieton

130.246.142.222
| vepoymen T

Sverige
e diveetn

ol oo ]
[N «\Lm..n (Pakistah)

Mali Niger 5., 9

-
)

L hina vrpabe
[ o)

Pocenn
i (Aoseia)

" Mowron Ync.
(Mongole)

= B%

» E | #2132 (i)
(South-

Ball o) (wfghanistan) (Che) B ey

(raq) _gira)

Sh
Sau India

SR

ia (Chad)  areRe
doere eer ! :
Kenya N T
OR Congo i
Tanzania. Undooss
Angola 5
Nemibia Hadaoasik Indian 3
South Sotswans _JURCCHE Ocean Australa
Atlantic -
Ocean 2o Fehlerbei
Node Type Software Version Software Release
Compute Idp Index Data v0.0.0-devel Flatbush
Compute Idp Index Data  v1.5.0-brower_park-release-2-gfad433c-master brower_park
Compute Idp Index Data v1.6.0-3-g39599da-devel brower_park
Compute Idp Index Data V1.6, 1-bushwick_myrtie-release-devel bushwick_myrte
Compute Idp Index Data  v1.5.0-brower_park-release-master brower_park
Compute Idp Index Data  v1.5.0-brower_park-release-3-g3a0céde-master brower_park

Comnute Tdn Tndex Data

v1.5.0-hrower nark-release-3-09a0chde-master hrower nark

IS-ENES CDI climate4impact
Tailored for end-users
Supports on-demand data
processing

is-enes U/’

Exploring climate model data

tas. (var) or (var) huss (var) sfeWind (var)
“tasmin (var) “pre (var) “hurs. (var) " sfcWindmax (var)
“tasmax (var) “prsn. (var) " rhsmax (var) “uas (var)
ta (var) rhsmin (var) vas (var)
rhs (var)
hur (var)

rsds (var) o5, (var) evspsbl (var)

is-enes Ly Exploring climate model data

e e

Hom: Data Discovery NZ7T 110

tas_day_GFDL-CM4_historical_r1i1p1f1_gr1_19300101-19491231.nc

<gdateofdl noaa.gov/thredd alitpiydayas/r1/v20180

Dimensions

« bnds of length 2
latof length 180
on of length 265
« time of length 7300

Preview

"

Variables E
double ne_global ()

double lat (lat)

double lat_bnds (iat, bnds)
~ double lon (lon)
~ double lon_bnds (lon, bds)

*float tas (time, lat, lon)

e (time)
»_bnds (time, bnds)

Selected attributes for nc_global
Variable: nc_global
Name

Value
Conventions CF-17 CMIP-6.0 UGRID-1.0
_EXTRAUnlimited_Dimension  time

- This projec has received funding from the European Uion's Horizon 2020 esearch and innovaion programme under grant agreement No 824084
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What is the climate4impact portal?

»> Platform for researchers to explore climate data and perform

analysis
> . is-enes 0 Exploring climate model data
Connects to ESGF web services e ‘/
»> Search, Catalog Support, Security Y o Dscorey _Fosaback
» Several projects and experiments Welcome to the Climate4impact 2.0 portal

The aim of Climatedimpact is to enhance the use of climate research data. It is currently under development in the European project IS-ENES3.
Climatedimpact is connected to the Earth System Grid Federation (ESGF) infrastructure using ESGF search and thredds catalogs. The portal aims to
support climate change impact modellers, impact and adaptation consultants, as well anyone else wanting to use climate change data.

> V i S u a I izat i o n Vi a A DAG U C S Oftwa re The sections below are just placeholders and will guide you in the future to the specific domains.

» Visualization system using Web Map Services
» Web Coverage Services for data transformation

>» Analysis using (Py)WPS to perform calculations
» icclim open-source software for on-demand climate indices calculation
» Data sub-selection
» Personal store for processing results

- This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824084

» In production
» Deployed in the cloud
» |s one of the official CMIP6 dissemination portals 30

@ _® ]



1IS-enN
T o ot
T A S ARBELLNG

LN Data Discovery WZTlI-nT04

Quick filter

“tas

tasmin
_tasmax
“ta

Results (207,228) - displaying page 1 of 8290 <

Extended property finder

(var)
(var)
(var)
(var)

_rsds
rsus
_rlds
_rlus
rsdsdiff
clt

es

Web based faceted search

Quick filter customizer

& precipitation
“pr (var) “huss
pre (var) hurs
prsn (var) ~rhsmax
_rhsmin
_rhs
hus
“hur

(var) “ps (var)
(var) psl (var)
(var) —pfull (var)
(var)
(var)
(var)

v cordex.output.AFR-44.DMI.ECMWF-ERAINT.evaluation.ri1p1.HIRHAM5.v2.day.uas

v cordex.output.AFR-44.DMI.ECMWF-ERAINT.evaluation.r1ilp1.HIRHAMS5.v2.day.va200

- This project has received funding from the European Union’s Horizon 2020 research and it
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(var)
(var)
(var)
(var)
(var)
(var)
(var)

w / Exploring climate model data

_sfcWind
sfcWindmax

(var)
(var)
(var)
(var)

" Srumary W wna |

“evspsbl (var)
evspsblpot (var)
~evspsblsoi (var)
“evspsblveg (var)
1 -

under grant

No 824084

1IS-enes L/;/
winst THE EUAOPEMN KETWORK
0L EATH TELUN

LCLLN Data Discovery WTlITT

Exploring climate model data

Drill down search
results

Quick filter Extended property finder Quick filter customizer
- Facet Special Facets Presets Properties Selected Properties
Tooltips for acronyms — | = : —_ | — S
. variable ) =wap (i ] cMmIPe [i ]
Quick select menus, o | on 0
H ) acabf ()
Conﬂg urable °
variant label aciwdnt o
ES-DOC integration °
adJunc
. ) admeluse (i ]
Preview of data 0
) adomww (i ]

Save Search
Parameters

Results (12,689) - displaying page 1 of 508 < 1 8

¥ CMIP6.CMIP.IPSL.IPSL-CMBA-LR.1pctCO2.r1i1p1f1.Emon.treeFracBdIEvg.gr
¥ CMIP6.CMIP.IPSL.IPSL-CMBA-LR.1pctCO2.r1i1p1f1.Amon.ps.gr

v CMIP6.CMIP.IPSL.IPSL-CMBA-LR.1pctCO2.r1i1p1f1.0mon.fsitherm.gn

- This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 824084

Export search list to
CSV

31



» By default the basket contains:
» “Remote data” for links
» “My data” for your own data

» Script based download allows to select and

download multiple files

» The basket allows for uploading your own

files

» Can be used in processing or visualization

» NetCDF, CSV, GeoJSON, PNG

» Share your data located in your basket with

others

@ _® ]

File Edit View History Bookmarks Tools Help

£ Climate impact portal | For ex ar

&~ cC o ® @ https://dimatedimpact.eu/impactportal/account/basket jsp | | Q search 24 a9 o

.I,%l_weirlle”%" “// Exploring climate model data

. 1 1s-ENES | Contact | Account | & | B

FOR EARTH SYSTEN MODELLING

Home Data discovery Downscaling Documentation Help About us

Account Processing Jobs (20) Token API  Administration page

» Basket

Basket

— [ Remote data
£ cmipS.outputt.NCC.NorESM1-ME hy
£) cmips.output!. NOAA-GFDL.GFDL
tx_0.25deg_reg_v17.0.nc

tas_Amon_MIROCS6_historical_r1i1 lat_bnds (lat, bnds]

@ tasmax_Amon_MIROCE_historical double lon_bnds (lon, bnds) - lon_bnds

tasmax_day_GISS-E2-1-G._historici double  height () - height

£ ) cmip5.output1. MIROC MIROCS hist OpenDAP

[2) tasmax_day_MIROCS_historical_r
[2) tasmax_day_ACCESS1-3_historic:
[2) tasmax_day_MIROC5_rcp26_rifp
[2) tasmax_day_MIROCS_rcp26_rsitp
[2) tasmax_day_MIROCS_rcp26_rtitpd
[2) 2010122912000 ESACCI-L4_GHR!
tasmax_day_MIROCS_rcp85_r1i1p!
20101230120000-ESACCH-.4_GHR
= > My data
+ [ wrs_settings
+ [ wps_scratch
[2) tas_adjust_RACMO-ECEARTH-Me
[2) cal_20170830p001_0000895.nc

[2) testadz28992.nc + Download  w Addtobasket & Reload
2 aaiGrID _2018-11-1

~

\

1200px-EUMETSAT_logo.svg.png true 93.6K 2018-10-19 11:01:582

e | sower | —vew | oovmoos | scrotaounis

You are logged in as htps://ceda.ac.uk/openid/Maarten. Plieger

The IS-ENES project has received funding from the European Union's Seventh Framework
Programme for research, technological development and demonstration.
Disclaimer
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Web processing interface for data analysis

(= [ B -
& climatedimpact %\ Viewer x| +

€ ) © @ | https://climatedimpact.eu/impactportal/account/wpsuseprocessor,jsp?process ¢ || Q zoeken ¥ A B 9O d4 «|-

| - o,
> G e n e rated u Se r i nte rfa Ce I'ﬂﬁﬂﬂﬂ%ﬂmﬂ%% ‘ (4 / Exploring climate model data

. | 1s-enEs | contact | Account ¥ B

FOR EARTH STSTEM HODELLING

> L i g ht e i g ht Home Data discovery ‘ Downscaling ’ Documentation Help ‘ About us Account ‘

Account Basket (609) Processing ‘ Monitor jobs (5) ‘ Token API | Administration page

) . . » Use a processor » clipc_extractnuts_execute
Links to preview

> Li n kS tO bas ket / Ca rt Processor CLIPC Create statistics per NUTS region Execute

. L] " Identifier  clipc_extractnuts_execute
»> Get info from input files

Abstract  The NUTS extractor calculates statistics for any NetCDF file by extracting geographical areas defined in a GeoJSON file. The statistics per

geographical area include minimum, maximum, mean and standard deviation. The statistics are presented in a CSV table and a NetCDF
file.

Location  https://climatedimpact.eu/impactportal/WPS?service=WPS&version=1.0.0&request=describeprocessa&
identifier=clipc_extractnuts_execute

[ Processing: [Starting/ WCS request 2/2: data](50%)

title identifier

_— Processing inputs

File A (input1) ———
\ |
File A (input1)
application/netcdf

min:0 / max: 1

w8 v

abstract value / | \

basket preview delete

http://opendaT.knmi.nI/knmi/thredds/dodsC/CLIPC/storyIine_urbanheat/geojson/NUTS_ZO10_L0.geojson.nc
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Climate Indices using icclim

Temperature indices | «—

ECA&D indices

'

Heat indices -
Cold indices -
Rain indices
Examples

Drought indices

- Intra-period extreme temperature range [° C] - ETR
- Warm days (days with mean temperature > 90th percentile of daily mean temperature) - TG90p
- Summer days (days with max temperature > 25° C) - SU

N

. Humidity indices

— | Compound indices

Snow indices

« Python code developed at CERFACS, started in September 2013
- Generic and modular approach, can be reused in other environments
- C functions called for optimization
« I/0 interface is structured for optimal performance, with wrapper functions

« Some percentile-based indices (TG10p, TX10p, TN90p, etc) using bootstrap method

icclim source code and documentation is available via https://github.com/cerfacs-globc/icclim

An xarray/dask fork has been done and is now at an alpha stage.

@ _® ]

JARE
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Example: Calculating summer days (SU) 1/3

Downscaling Documentation Help About us Account _

Map & Plot

: E
» Calculate number of days where maximum =

temperature is above 25 degrees per European (o] e v [ oo [CICDEENED

country, based on experiment RCP 2.6 and climate

Quick select Parameter All Parameter properties (30)

Catalogs Explore your own catalogs or files

m
O e E] Temperature (tas) [] precip. (pr) E] Specific Humidity (huss) |:] Wind (sfcwind)
[[] Min. Temperature (tasmin) [] Conv. Precip. (prc) [ Rel-Humidity (hurs) [[] Max. Wind (sfcwindmax)
[/] Max. Temperature [] Snow (prsn) [] Max. Rel. Humidity
[] Min. Rel. Humidity (thsmin) [ E- Wind (uas)
[[] Air Temperature (ta) [[] Rel. Humidity (rhs) [[J N. Wind (vas)

[] spec. Humidity (hus)
[ Rel. Humidity (hur)

)Sign in

ﬂ SW Radiation Dn (rsds)

[[] sw Radiation Up (rsus) D SL Pressure (psl) |:| EQL—E\@p.—‘-%\LSprpoL)
[[] Lw Radiation Dn (rlds)

» Go to Search and select: Guwmessmtpin | s O estoommsmir

. Project: CMIP5 (] clouds ety

- Parameter: tasmax
. Tl me freq uenCy dally l [/ Project : CMIPS ” [/] Parameter : tasmax ” [] Frequency : day “ [/] Experiment : rcp26 “ [] Model : MIROCS “ [/] Ensemble : r1i1p1 l

. [/ version : 20161012
. Experiment: rcp26
F d 1 datasets. Displayi 10of 1.
. Model MIRoc5, oun atasets. Displaying page 1 o

. «previous | [l| Next» Export to CSV
L] Ensemble: r1 I 1 p1 ’ B cmip5.output1.MIROC.MIROCS.rcp26.day.atmos.day.riilp1.v20161012 =
. Select the latest version

» Select a file from the dataset and add it to your
basket

<previous | il Nerts
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Example: Calculating summer days (SU) 2/3

» (Go to Processing and select:
icclim simple indicator
calculations

» Select SU, Summer days. Leave
the threshold to 25 degrees
Celsius

» Select the file from your basket
and click “Start processing”

» Visualize the output

36
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Example: Calculating summer days (SU) 3/3

Processor Polygon overlay

n
> t s 00
€ Remote ata -
) cmiS ot NCC NorESH1NE hstorcal mon and Lnon1p1 12 0 T
£) cmips output1 NOAA-GFDL GFDL-ESN2G piControl day atmos day r 0 2018-11-00 15:06:00Z
L85 Amon_MIROGS_storcal ritp1_gn_tscootzoveizne e . 20100520 08.16.102
(5] tesm Amon MROGS_nstoca_tipirt_gn 1050012014120 e te  SGEiM  20005200916257
s day OS5 E2--0 Hitorca 1111 on 1SS0010E20141 e i 0190220092372
) crips cuput MROC MROCS storaLtay tos.day 51P1.201 0 20160820 1552257
D) tasma cay oG nsorcarotpt 20000101 2000120t ne e e aToow 20190020 13524z
(D) tesm iy, ACCESS-9_nstorca_tanp1_1oS0010T 07412500 e e 107G 201004010557122
oo [ ooy OG0 b |
s B
T . . 9y L e R
£ wps_scratch 2019-04-04T1234:222
, B out_ccimne fue  tue 5725k 2019-04041236272
In| 0 wes_ciipe_smpleindicator_execute_2019040170902102 2019-04-01709:0210Z
G £ wps_is_enes_ups_polygonoveriay_20100329T1400227 2019-03-20T14:09:332
. o T S — N ,
=3 D T
e |latest result wi rom vour
‘Name of the comma separated value (CSV) output file. Will contain statistics in table form. Can be opened in a spreadsheet program.

Results: Summer days per European country for

basket. This is the most recent folder MIROCS / RCP26 !

under WPS_Scratch

» As variable select “SU”, as time range
select **”

e o o (126,478

[ Yo ——

[S———— ¥ A
e — — J
e s

9 \ ' -

» Click “Start processing | \

LOXE S
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Workflows, Provenance, Tracability and Reproducability

| I
Combine WPS, five steps involved Visual analytics techniques on provenance
 Provenance module: WPS_PROV "  Highlighting data-reuse, even for cached data
» Provenance metadata is stored in NetCDF ®  User interactions
- W3CPROV-DM standard "  Exploitation of resources

i Wes ( ) @ et

i norm norm

: 1 2

i Combine

i weigh B

' : Searchable

: L : contact:email:l: christian.page@cerfacs.fr m eta d a ta

: Comb : variable_vDTR_in_var2: daily 2 m minimum temperature in Kelvin

VO Sl

Provenance DB 38

@ _® ]




>

@ _® ]

What can be improved?

Currently C4l handles ESGF data on file level
» X Fragmentation of files is a barrier for many users and hurts user experience
»  =>» Hide file structure, work with datasets and search patterns
» = Especially important, because now C4l is one of the official data distribution endpoints

Currently the Processing services are on the same machine as the portal
» X Currently not scalable and processing load effects the portal
» = Make use of distributed Web Processing Services using delegation

Currently the frontend uses old technologies (JSP, Jquery, ExtJS)
» X Difficult to maintain, and it is difficult to re-use results from other work
» = Migrate to ReactJS (Based on work done in the project C3S-Magic)
» = Good moment to re-design the user interface in collaboration with users.

Currently the viewer is running in a separate tab
» By using ReactJS, it is easier to make use of an embedded viewer (adaguc-webmapjs)

Currently provenance tracking is limited to a few processes
»  Enhance usage of W3C PROV-DM standard and WPS_PROV toolkit

»  We are looking for users who are willing to help to improve the platform!

JARE
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European Landscape & Components

EUDAT & EOSC

EUDAT CDI B2 Service Suite European Open Science Cloud (EOSC)

Integrated B2 Services » Marketplace of Services
B2ACCESS: Common AAI » Compute

B2DROP: Secure Data Exchange » Storage

v v vy

Interface between EUDAT B2 Services and » Sharing, etc.

Communities infrastructures, such as Climate . o ey e T
S == 5[:|E"[:E nwun out overnance ervices esources olicy in Practice ledia or providers
|l  B2HANDLE 2
.. . . . . \
= vetadata o eemene ldENtfication, Integrity, Authenticity ‘
| mmp AAI i ‘ 1
1 T 1 The European Open .
= B2SAFE B2STAGE B2FIND Science Cloud (EOSC) EoNe
3 Policy-based data Dynamic re.plication Aggregated metadata LT . R
- fanaecment for processing ey Offers 1.7 million European researchers and 70 mllion '. £
‘{ professionals in science and technology a virtual : - s f
- \” —— environment with open and seamless services for storage, .
= \ :- management, analysis and re-use of research data, across ' "
\_iA \ \ borders and scientific disciplines.
B2DROP B2SHARE ' \_
Secure data Store and publish , :-l
exchange research data

ACCESS EOSC SERVICES & RESOURCES

I?eznﬁyc&cl\Eu?fErisation NetWork Of trust @
x

@ _® ]

NETWORKING COMPUTE STORAGE SHARING & DISCOVERY
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\

S EUDAT — —
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EUDAT
CDI Architecture

Mark van de Sanden
EUDAT CDI Technical Coordinator

www.eudat.eu

EUDAT receives funding from the European Union's Horizon 2020 programme - DG CONNECT e-Infrastructures. Contract No. 654065
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Ry )
EUDAT History of the EUDAT CDI

® Common Services for heterogeneous communities

® Science data rates are exploding and will likely
become continue to do so

® Building bespoke services for new communities is
not cost effective

® |nitial Set of Services developed as result of
community needs

® Beyond the original ‘core’ communities

® New services and specific community issues
highlighted
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i)

EUDAT
If there are hundreds of Research
Infrastructures, how many different data

management systems can be sustained?

Research Research Research Research
Community Community Community Community

Community specifi
services

Services needed by some |

Services common to all
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Ry
EUDAT EUDAT CDI

® EUDAT CDl is partner agreement
® Signed September 2016
® Tofal of 22 partners

® Commitment to sustain the EUDAT CDI pan-
European Infrastructure for 10 years

® Partnership for Generic and Thematic service
providers (level 1 and 2)

® Membership fee to become CDI partner
® No direct funding for service development

® Plan and organise participating in EC and
community projects
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S g
eupar Collaborative Data Infrastructure (CDI)
EUDAT geheric data s

service provider
storage, workflows,
processing, archive

-
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Repository  Command line
Packages tools Application

Client API library s el

METADATA

PID

AAl

DATA MANAGEMENT

{ i i —————————— -

N N ——— — —— S T ——————— —— -
| S S -

1
1
! SERVICE MANAGEMENT
i i ~ CDIINTEGRATED
i i
] —— o
© /WORKSPACE : /WORKSPACE
3 (TEMPORARY) I (TEMPORARY)
1 RAGE
i PR CDI NETWORK
i CDI NODE ] PUBLIC & AUXILIARY
: SERVICES I & SMF SERVICES
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EUDAT Service Diagram

e EUDAT

! # Credentials Domain External domain

Data discovery BZF'ND

Use metadata to =
—
discover data H \\\7

T 1

B2NOTE B2SHARE B2DROP
Annotate Store and publish Exchange data '
datasets ﬁ research datag securily :Il

Data management & /

preservation B2HANDLE EgiﬁESEto —_— —_— B2STAGE

Persistently identify —~ Move data
and access data manage data \-r' w across EUDAT

Data access & sharing

11

I

-
T 1 1l | 1
B2ACCESS

Authenticate and authorise

User
management
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